We tested the ability of birds to detect and discriminate natural vocal signals in the presence of masking noise using operant conditioning. Masked thresholds were measured for budgerigars, Melopsittacus undulatus, and zebra finches, Taeniopygia guttata, on natural contact calls of budgerigars, zebra finches and canaries, Serinus canaria. Thresholds increased with increasing call bandwidth, the presence of amplitude modulation and high rates of frequency modulation in calls. As expected, detection thresholds increased monotonically with background noise level. Call detection thresholds varied with the spectral shape of noise. Vocal signals were masked predominantly by noise energy in the spectral region of the signals and not by energy at spectral regions remote from the signals. In all cases, thresholds for discrimination between calls of the same species were higher than thresholds for detection of those calls. Our data provide the first opportunity to estimate distances over which specific communication signals may be effective (i.e. their 'active space') using masked thresholds for the signals themselves. Our results suggest that measures of peak sound pressure level, combined with the spectrum level of noise within the frequency channel having the greatest signal power relative to background noise, give the most similar results for estimating a signal's maximum communication distance across a variety of sounds. We provide a simple model for estimating likely detection and discrimination distances for the signals tested here. 
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The ability to communicate is limited by the distance over which a signal can be perceived by a receiver over a background of noise in a particular habitat. This distance has been termed the 'active space' of a signal (Marten & Marler 1977; Brenowitz 1982; Klump 1996) . Considerable acoustic noise arises from biotic, abiotic, and increasingly, anthropogenic sources. The ubiquitous nature of this noise has led to much speculation as to whether such noise limits the active space of calls and songs produced by birds (Klump 1996) . It also has been suggested that species-specific acoustic signals may be designed to maximize their audibility to conspecifics in certain environments (Marten & Marler 1977; Brenowitz 1982; Wiley & Richards 1982) . To date, there has been little direct empirical evidence on any of these points because such studies are difficult to conduct in the field. By contrast, a large number of laboratory studies have examined detection abilities for sounds in noise in a variety of vertebrates, but for the most part these studies have used simple stimuli such as pure tones and broadband 'white' noise (for review see Fay 1988; Dooling et al. 2000) .
Laboratory studies with simple stimuli such as pure tones do provide a first approach to estimating the active space of a signal. The concept of a critical ratio comes from determining thresholds of tones in noise, and is the ratio of the power in a pure tone to the power in a noise when a tone is just masked (i.e. becomes inaudible) by the noise (Scharf 1970) . For all species in which it has been measured, the critical ratio varies with frequency but remains constant over a fairly wide range of noise levels. That is, a 10-dB increase in the level of noise results in a 10-dB increase in the signal detection threshold. Critical ratio functions have now been measured for a number of mammals and 14 species of birds (Dooling et al. 2000; Wright et al., in press) . As is typical of mammals, critical ratios in most birds increase monotonically with frequency by about 3 dB per octave, although there are some exceptions (Fay 1988; Dooling et al. 2000; Wright et al., in press ). Comparing the critical masking ratio functions across a bird's hearing range with the frequency spectrum of vocal signals provides a crude estimate of the distance over which those signals might be detected for a given background noise level. The validity of this estimate depends on many factors including the intensity with
